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Abstract
Introduction  Cryptogenic ischemic stroke (CIS) is responsible for the increase in young ischemic strokes. We investigated 
non-alcoholic caffeinated beverages as a trigger for young CIS, in a large multi-center, case–control study.
Methods  In Searching for Explanations for Cryptogenic Stroke in the Young: Revealing the Etiology, Triggers, and Outcome 
(SECRETO; NCT01934725), patients 18–49 years old suffering first ever CIS were recruited within 2 weeks of symptom 
onset. A structured questionnaire obtained information on coffee, tea, and cola consumption in the last 12 months, usual 
daily consumption, consumption 24 h preceding stroke and timing of the last consumption prior to stroke. Case-crossover 
analysis was performed using the Mantel–Haenszel method.
Results  598 CIS patients (54.7% male, mean age 39.4 [standard deviation 8.2]) were analyzed. Case-crossover analysis 
found association with coffee consumption in the 1-h (relative risk [RR] 1.73, 95% confidence interval [CI] 1.06–2.83) and 
2-h (RR 2.15, 95%CI 1.40–3.29) hazard periods, tea consumption in the 1-h (RR 3.93, 95%CI 1.04–14.95) and 2- hour (RR 
4.89, 95%CI 1.92–12.50) hazard periods and cola consumption (RR 3.70, 95%CI 1.18–11.62) in the 2-h hazard period. Sub-
group analysis in the 2-h hazard period found coffee consumption was associated in both sexes and age groups, high-risk 
patent foramen ovale (PFO), mild/moderate stress and both low-/high-risk factor burden. Tea consumption was associated 
in both sexes and age groups and those without PFO.
Conclusion  Coffee, tea, and cola consumption as potential trigger factors were associated with young CIS patients within 
the 2-h hazard period, with coffee and tea maintaining association in several sub-groups.
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Introduction

The burden of ischemic stroke in the young is increasing 
[1]. Data from a long-standing United Kingdom cohort have 
shown that the increase of stroke incidence in the young 
appears to be predominantly attributable to cryptogenic 
ischemic stroke (CIS) [2], implying there are unknown 
mechanisms that contribute to the etiology of young strokes. 
Some of these mechanisms may contribute to increased 

stroke risk in a very acute manner and these are termed ‘trig-
gers’. The concept of triggers playing a role in acute stroke 
is well established [3].

Caffeine is the world’s most popular stimulant of which 
coffee, tea, soft drinks, and chocolate are among its most 
popular sources [4]. Caffeine is rapidly absorbed from the 
gastrointestinal tract and owing to no first pass metabo-
lism by the liver, peak plasma concentration is reached in 
15–120 min [5] and it is rapidly absorbed into the brain. 
The mechanism of action of caffeine is multi-faceted and 
includes antagonism of adenosine receptors (intracerebrally 
this is responsible for it increasing alertness) [6], inhibition Extended author information available on the last page of the article
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of phosphodiesterase, calcium channel activation, and 
gamma-aminobutyric acid antagonism [5, 7].

Strong consensus supports case-crossover designs and 
analysis in the investigation of triggers. The Stroke Onset 
Study [8] explored non-alcoholic caffeinated beverage 
consumption as a trigger for ischemic stroke and found 
coffee was associated in the 1-h hazard period, even after 
adjustment for several variables. The ODYSSEY study [9], 
looking at a young (18–49 years) cohort, found an associa-
tion with cola but not coffee in the 1-h hazard period for 
ischemic strokes. There were no associations seen with any 
caffeinated beverage in the CIS sub-group. To the best of 
our knowledge, there are no prior studies dedicated purely 
on investigating these triggers in CIS.

We investigated the role of acute non-alcoholic stimulant 
beverage consumption as a trigger for young CIS via a case-
crossover analysis in a large, international, multi-center, 
case–control study.

Methods

The Searching for Explanations for Cryptogenic Stroke 
in the Young: Revealing the Etiology, Triggers and Out-
come (SECRETO; NCT01934725) study is a prospec-
tive case–control study of first ever young CIS patients. 
Between November 2013 and November 2022, patients aged 
18–49 years were enrolled from 19 European centers. Ethi-
cal approval was obtained from the ethics committee of the 
hospital district of Helsinki and Uusimaa and by the local 
ethics committees of all participating sites. Written consent 
was obtained from all participants and in the instance where 
a patient did not have capacity, consent was obtained from 
a related proxy. Ethnicity was recorded for all study partici-
pants. National Institutes of Health Stroke Scale (NIHSS) 
score assessed stroke severity on admission.

The full study protocol has been previously published 
[10]. To be deemed eligible, patients had to have an acute 
diffusion-weighted imaging positive lesion on magnetic res-
onance (MR) imaging corresponding to neurological presen-
tation, or a corresponding deficit on computed tomography 
(CT) perfusion scanning. For the stroke to be considered 
cryptogenic, patients underwent CT or MR angiography of 
extra- and intra-cranial vasculature (and any atherosclerotic 
disease had to be causing < 50% stenosis), a minimum of 
24 h cardiac monitoring, standardized transesophageal and/
or transthoracic echocardiography combined with bubble 
study and thrombophilia screening as per protocol [11]. All 
investigations had to be completed with 14 days of the pre-
senting stroke. Cryptogenic was defined using the ASCO 
classification, with grades 0, II, and III (absence of disease, 
causality uncertain, or unlikely a direct cause) considered 
appropriate to classify as cryptogenic [12].

Non‑alcoholic caffeinated beverage consumption

Patients were asked about their consumption of coffee, tea, 
and cola using a structured questionnaire that was applied as 
soon as consent was secured. For coffee and tea, they were 
asked if they had consumed one cup of caffeinated coffee/
tea in the last 12 months, how many cups they would con-
sume on a typical day in the last year prior to the stroke, if 
they had consumed any coffee/tea in the 24 h preceding the 
stroke, and when the last cup of coffee/tea was consumed 
prior to the stroke. For cola, the same questions were asked 
but in relation to a standard can or bottle [8, 13].

Vascular risk factors, stress, and patent foramen 
ovale

Vascular risk factors were identified from medical records 
and also through a structured questionnaire and were 
defined as the following: cardiovascular disease (any his-
tory of coronary artery disease, myocardial infarction, 
peripheral arterial disease or heart failure); hypertension 
(history of or current antihypertensive medication use, or 
mean systolic blood ≥ 140 mmHg or mean diastolic blood 
pressure ≥ 90 mmHg at study visit); diabetes mellitus (his-
tory of or current antidiabetic medication use); hypercho-
lesterolemia (history of or current lowering medication 
use); abdominal obesity (waist–hip ratio > 0.85 in women 
and > 0.90 in men); physical inactivity (defined as not meet-
ing the criteria for moderate or high levels of activity on the 
International Physical Activity Questionnaire) [14], current 
tobacco smoking (smoking at least one cigarette per day 
on average) and heavy alcohol consumption defined by > 7 
units per week for women and > 14 units per week for men, 
or at least an average of 2 times per month and > 5 units for 
women and > 7 units for men per instance (binge drinking) 
were recorded [15]. Assessment of stress was performed 
using a modified version of the Perceived Stress Scale 
(PSS) [16, 17], with 10 questions looking at self-perceived 
stress over the month preceding the presenting stroke. They 
were categorized into 3 groups based on the total score: low 
(0–13), moderate (14–26), and high (27–40) stress.

Patent foramen ovale (PFO) was assessed via transtho-
racic or transesophageal echocardiography or transcranial 
Doppler, all with a bubble study and with documentation 
of high-risk features (atrial septal aneurysm and/or a large 
shunt).

Statistical analysis

Categorical data for patients will be presented as frequencies 
(%) and continuous data as means with standard deviation 
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(SD) or medians with interquartile range (IQR). Baseline 
characteristics are compared between the sexes using chi-
squared test for categorical variables, and independent ‘t’ 
test for continuous variables if followed normal distribu-
tion, otherwise Wilcoxon rank-sum test if not following the 
normality assumption.

In a case-crossover analysis, there is a comparison of a 
pre-defined hazard period prior to stroke onset (case) and 
the period before this (control). As such, each patient serves 
as their own control. First, hazard values were calculated 
to produce a series of adjusted 2 × 2 tables with values 
weighted for exposure (available on request). Case-crosso-
ver analysis using these weighted exposures in the control 
(usual consumption in the preceding 12 months) and hazard 
period were performed using the Mantel–Haenszel method 
[18] to produce a relative risk (RR) of stroke for exposure 
in the hazard period with accompanying 95% confidence 
intervals (CI). This was performed for coffee, tea, and cola 
consumption at hazard periods of 1-h and 2-h pre-stroke. 
This analysis was then repeated by sex (male/female), age 
(18–39 years and 40–49 years), high-risk PFO status (yes/
no), PSS score (low, moderate, and high stress levels) and 
traditional vascular risk factor burden (< 4 considered ‘low’ 
and ≥ 4 or more considered ‘high’ burden) as it was felt these 
were either substrates for ischemic stroke that may have been 
exacerbated by acute caffeine ingestion or psychological 
states that may have affected caffeine intake.

We also performed analysis according to NIHSS (0–6 
versus more than 6), cognition measured by the Mini-Mental 
State Examination (MMSE, a score of 24 or more equating 
to normal) and the presence of aphasia at baseline to assess 
the possibility of recall being impacted by stroke severity or 
impairments in cognition or communication.

A further exploratory analysis was performed using the 
same triggers and hazard periods, but according to usual 

daily consumption of coffee and tea (≤ 2 cups versus ≥ 3 
cups per day) and cola (≤ 2 cans versus ≥ 3 cans per day).

As a sensitivity analysis, conditional logistic regression 
was performed using exposure as a binary yes/no variable 
and comparing exposure between the hazard and control 
periods and reported as odds ratios (OR) with 95% CIs and 
p values. Sub-group analysis was then performed with the 
same variables as the Mantel–Haenszel method. During 
analysis, we found there was only enough statistical power 
to report on the 2-h hazard period.

Analysis was performed using RStudio (2024.12.1 + 563) 
and Stata version 19.5 (StataCorp., College Station, TX).

Results

In total, 598 first ever cryptogenic ischemic strokes were 
analyzed. Mean age was 39.4 (SD 8.2) years. Of these, 
54.7% (n = 327) patients were males, 94.1% (n = 563) were 
of white European ethnicity, and median NIHSS score was 
2 (IQR 1–5).

Baseline characteristics of patients and univariate analy-
sis by sex are presented in Table 1. Distribution of age (40.4 
[SD 7.7] vs. 38.1 [SD 8.6], p < 0.001), hypercholesterolemia 
(5.2% vs. 1.2%, p = 0.03), abdominal obesity (73.2% vs. 
43.5%, p < 0.001), smoking (35.9% vs. 26.8%, p = 0.02), and 
mean PSS score (11.7 [SD 6.7] vs. 15.1 [SD 7.4], p < 0.001) 
were significantly different between males and females.

Usual daily consumption of coffee, tea, and cola and their 
respective frequencies are shown in Table 2. Case-crossover 
analysis using the Mantel–Haenszel method of the whole 
cohort showed there was an association with the consump-
tion of coffee in the 1-h (RR 1.73, 95% CI 1.06–2.83) and 
2-h (2.15, 1.40–3.29) hazard periods, tea in the 1-h (3.93, 

Table 1   Baseline characteristics 
of patients in whole cohort and 
by sex

Data presented are means (SD) or number (percentages). Significant values in bold
SD standard deviation, PSS perceived stress scale, PFO patent foramen ovale

Variables (number of patients 
with missing data)

Whole Cohort (598) Male
(327)

Female
(271)

p value

Age (mean, SD) (years) 39.4 (8.2) 40.4 (7.7) 38.1 (8.6)  < 0.001
Hypertension 223 (37.3) 131 (40.1) 92 (33.9) 0.12
Diabetes mellitus 23 (3.8) 15 (4.6) 8 (3.0) 0.30
Hypercholesterolemia (1) 22 (3.7) 17 (5.2) 5 (1.9) 0.03
Abdominal obesity (4) 355 (59.4) 238 (73.2) 117 (43.5)  < 0.001
Physical inactivity (7) 199 (33.3) 103 (32.0) 96 (35.7) 0.34
Smoking (3) 189 (31.6) 117 (35.9) 72 (26.8) 0.02
Heavy alcohol use (7) 76 (12.7) 45 (13.9) 31 (11.6) 0.39
Cardiovascular disease (1) 10 (1.7) 6 (1.8) 4 (1.5) 0.73
PSS score 13.3 (7.2) 11.7 (6.7) 15.1 (7.4)  < 0.001
High-risk PFO (25) 217 (37.9) 114 (36.3) 103 (39.8) 0.40
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1.04–14.95) and 2-h (4.89, 1.92–12.50) hazard periods, and 
cola (3.70, 1.18–11.62) in the 2-h hazard period (Fig. 1).

In exploratory sub-group analysis, when analyzed by 
sex, males had an association with coffee (1.89, 1.07–3.33) 
and tea (8.90, 1.71–46.23) consumption in the 2-h hazard 

period, and this was the same in females with coffee (2.49, 
1.29–4.78) and tea (3.45, 1.07–11.14) (Fig. 1). The same 
associations in the 2-h hazard period were also seen in both 
age groups with coffee (2.32, 1.23–4.39) and tea (4.70, 
1.28–17.25) in the 18–39-year age group and coffee (2.08, 
1.17–3.72) and tea (5.05, 1.30–19.62) in the 40–49-year age 
group (Table 3).

There was only an association with tea consumption 
(5.94, 1.84–19.20) in the 2-h hazard period in patients with-
out a PFO, and with consumption of coffee (2.80, 1.44–5.43) 
in the 2-h hazard period in patients with a PFO. In both low- 
and high-risk factor burden sub-groups, coffee consumption 
in the 2-h hazard period was the only trigger to show an 
association (low: 1.96, 1.16–3.29 and high: 2.74, 1.27–5.89) 
(Table 4). Analysis by severity of the PSS score only showed 
an association with coffee consumption in the 2-h hazard 
period in the mild (2.41, 1.23–4.72) and moderate (2.76, 
1.23–6.20) sub-groups (Table 5).

Patients with and without aphasia on presentation showed 
an association with coffee and tea at the 2-h hazard period. 
Strokes with an NIHSS score of 0–6 showed an associa-
tion with coffee and tea at both 1- and 2-h hazard periods, 
whereas a possible association was seen for cola in the 
2-h hazard period for those with an NIHSS greater than 6 
(Table 6). In those with a normal MMSE, both coffee and 
tea showed an association in 1- and 2-h hazard periods, but 
there were not enough patients with an MMSE below 24 to 
provide any meaningful statistical analysis.

An additional exploratory analysis by usual daily con-
sumption found an association with tea in the 2-h hazard 
period for those who drink ≤ 2 cups of coffee per day, with 
coffee in the 1- and 2-h hazard periods and cola in the 2-h 
hazard period in those who consumed ≤ 2 cups of tea per day 
and with both coffee and tea in the 1- and 2-h hazard peri-
ods in those who consume ≤ 2 cans of cola per day. There 
were no associations seen in any of the hazard periods for 
any beverage in those that consumed ≥ 3 cups of coffee 
or tea or ≥ 3 cans of cola per day (Table 7).In sensitivity 
analysis, conditional logistic regression of the 2-h hazard 
period found an association with consumption of coffee, 

Table 2   Usual daily consumption of coffee, tea and cola among the 
study population

COFFEE TEA COLA

None 78 (13.1%) 220 (37.2%) 188 (31.9%)
Less than 2 cups/cans 184 (30.8%) 320 (54.1%) 364 (61.7%)
3–4 cups/cans 197 (33%) 32 (5.4%) 29 (4.9%)
5–6 cups/cans 90 (15.1%) 14 (2.4%) 4 (0.7%)
7–8 cups/cans 28 (4.7%) 2 (0.3%) 1 (0.2%)
9 or > cups/cans 20 (3.4%) 3 (0.5%) 4 (0.7%)
TOTAL 597 591 590

Fig. 1   Forest plot showing case-crossover analysis using the Man-
tel–Haenszel method on the risk of developing cryptogenic ischemic 
stroke following coffee, tea, and cola exposure in 1-h and 2-h hazard 
periods for the whole cohort and by sex. Reported values are relative 
risks with 95% confidence intervals (CI)

Table 3   Case-crossover analysis using the Mantel–Haenszel method 
on the risk of developing cryptogenic ischemic stroke following cof-
fee, tea, and cola exposure in 1-h and 2-h hazard periods by age. 
Reported values are relative risks with 95% confidence intervals

EXPOSURE 18–39 years 40–49 years

Coffee 1 h 1.88 (0.88–4.01) 1.65 (0.86–3.18)
Coffee 2 h 2.32 (1.23–4.39) 2.08 (1.17–3.72)
Tea 1 h 4.01 (0.58–27.76) 3.86 (0.61–24.42)
Tea 2 h 4.70 (1.28–17.25) 5.05 (1.30–19.62)
Cola 1 h 2.85 (0.45–17.95) 4.80 (0.35–65.63)
Cola 2 h 3.12 (0.76–12.79) 4.92 (0.66–36.41)
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tea, and cola. Exploratory analysis by sex found only coffee 
consumption in males and coffee and tea consumption in 
females were associated with CIS. Coffee consumption was 
associated with CIS in both age groups. Patients without a 
PFO showed association for both coffee and tea consump-
tion and in those with a PFO, coffee only. Coffee consump-
tion showed association in patients with mild and moderate 
PSS scores. Coffee also showed an association in patients 
with a low- and high-risk factor burden and NIHSS score 
0–6 (Supplementary Table 1). In patients without aphasia, 

an association was seen with coffee and tea and in aphasic 
patients, with coffee only.

When adjusted for the other non-alcoholic caffeinated 
beverages, coffee and tea consumption showed an associ-
ation in the whole cohort, with coffee only in males and 
coffee and tea showing an association in females. Coffee 
consumption was associated with CIS in both age groups, 
and tea in the 40–49-year age group. Coffee was associated 
irrespective of PFO status and tea in those without a PFO. 
Coffee was an associated factor in mild and moderate PSS 
scores, in those with a low- or high-risk factor burden and 
irrespective of aphasia status, while tea was associated in 
patients without aphasia (Supplementary Table 2).

Discussion

In this case-crossover analysis of young patients with CIS, 
we found that in the whole cohort, coffee, tea, and cola 
consumption were all potential trigger factors for young 
CIS within the 2-h hazard period. Coffee maintained this 
association in males, females, both age groups, PFO, mild 
and moderate PSS scores and low and high vascular risk 
factor burden groups, low NIHSS scores and irrespective 
of the presence of aphasia. Tea maintained this association 
in males, females, both age groups, no PFO, high vascular 
risk factor burden sub-groups, low NIHSS scores, and again 

Table 4   Case-crossover analysis using the Mantel–Haenszel method 
on the risk of developing cryptogenic ischemic stroke following cof-
fee, tea, and cola exposure in 1-h and 2-h hazard periods by patent 

foramen ovale (PFO) and vascular risk factor (VRF) burden status. 
Reported values are relative risks with 95% confidence intervals

EXPOSURE No PFO PFO  < 4 VRF  ≥ 4 VRF

Coffee 1 h 1.48 (0.76—2.90) 2.08 (0.97—4.42) 1.63 (0.89–3.01) 1.99 (0.86–4.62)
Coffee 2 h 1.72 (0.97—3.05) 2.80 (1.44—5.43) 1.96 (1.16–3.29) 2.74 (1.27–5.89)
Tea 1 h 4.45 (0.95—20.85) 2.71 (0.17—42.75) 2.58 (0.24–27.71) 5.20 (0.99–27.30)
Tea 2 h 5.94 (1.84—19.20) 3.15 (0.53—18.63) 3.27 (0.81–13.28) 7.21 (1.96–26.52)
Cola 1 h 2.80 (0.39—19.86) 6.01 (0.48—75.15) 3.67 (0.55–24.54) 3.13 (0.28–35.16)
Cola 2 h 2.79 (0.67—11.61) 9.84 (0.94—103.08) 4.09 (0.94–17.72) 3.22 (0.51–20.17)

Table 5   Case-crossover analysis using the Mantel–Haenszel method 
on the risk of developing cryptogenic ischemic stroke following cof-
fee, tea, and cola exposure in 1-h and 2-h hazard periods by Perceived 
Stress Scale (PSS) score categories. Reported values are relative risks 
(95% confidence intervals)

n/a: numbers too small for analysis

EXPOSURE PSS (mild) PSS (moderate) PSS (severe)

Coffee 1 h 1.82 (0.86–3.84) 2.06 (0.83–5.16) 1.19 (0.12–12.14)
Coffee 2 h 2.41 (1.23–4.72) 2.76 (1.23–6.20) 1.28 (0.18–8.96)
Tea 1 h 2.84 (0.22–36.73) 3.32 (0.20–54.06) 3.78 (0.11–

126.66)
Tea 2 h 2.89 (0.44–19.10) 4.43 (0.94–20.88) 5.57 (0.26–

119.17)
Cola 1 h 3.26 (0.29–36.68) 2.73 (0.21–35.61) n/a
Cola 2 h 2.93 (0.53–16.21) 3.24 (0.41–25.56) n/a

Table 6   Case-crossover analysis using the Mantel–Haenszel method 
on the risk of developing cryptogenic ischemic stroke following cof-
fee, tea, and cola exposure in 1-h and 2-h hazard periods by presence 

of aphasia and National Institutes of Health Stroke Scale (NIHSS) 
score. Reported values are relative risks (95% confidence intervals)

EXPOSURE No Aphasia Aphasia NIHSS 0–6 NIHSS > 6

Coffee 1 h 1.69 (0.94–3.05) 1.79 (0.72–4.45) 1.69 (1.00–2.87) 2.01 (0.49–8.18)
Coffee 2 h 2.07 (1.25–3.42) 2.34 (1.04–5.26) 2.08 (1.32–3.28) 2.76 (0.77–9.93)
Tea 1 h 3.87 (0.90–16.58) 3.96 (0.13–119.91) 4.41 (1.06–18.39) 2.05 (0.04–99.37)
Tea 2 h 4.68 (1.51–14.51) 5.48 (1.02–29.45) 5.44 (1.90–15.59) 3.14 (0.39–25.51)
Cola 1 h 2.46 (0.35–17.23) 6.56 (0.33–129.19) 2.24 (0.27–18.71) 5.96 (0.63–56.65)
Cola 2 h 2.62 (0.61–11.22) 6.28 (0.62–63.17) 2.35 (0.49–11.22) 7.06 (1.11–44.90)
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irrespective of aphasia status. Recent cola consumption did 
not maintain any association on sub-group analysis. Inter-
estingly, exploratory analysis suggested that there were no 
associations seen with any beverage in any hazard period in 
those who routinely consumed higher levels of non-alcoholic 
caffeinated beverages.

Several prior studies have assessed the role of triggers in 
acute stroke. An Israeli study [19] examined triggers in 200 
ischemic strokes within a 2-h hazard period, comparing with 
that period 24 h earlier. This study did not specifically look 
at non-alcoholic caffeinated beverages as a trigger or specifi-
cally at young stroke patients but was one of the first studies 
to look in detail at the concept of triggers in stroke. In the 
case-crossover Stroke Onset Study [8], 390 ischemic strokes 
of all ages were interviewed a median of 3 days after stroke 
on recent coffee, tea, and cola consumption and consumption 
in the last year. In the 1-h hazard period, the RR for coffee 
consumption was 2.0 (1.4–2.8), with tea 0.9 (0.4–2.0) and 
cola 1.0 (0.4–2.4). The RR for coffee did not vary either by 
age, sex, smoking status, physical activity, or stroke etiology. 
When stratified by daily intake, it was only apparent in those 
consuming 1 or fewer cups per day in the last week and not 
by more regular consumers. The increased risk also returned 
to baseline at 2 h.

In the ODYSSEY study [9], patients aged 18–49-year-
old with a first ever ischemic or hemorrhagic stroke com-
pleted a structured questionnaire on triggers and to date is 
the largest study to do so in this age group. 1-h and 2-h 
hazard periods for coffee and cola consumption were ana-
lyzed using the Mantel–Haenszel method. For any stroke, 
the risk increased for the 1-h hazard period for cola con-
sumption (RR 2.0, 1.5–2.8) but not coffee (1.0, 0.8–1.2). 
When usual frequency was reduced from 24 to 16 h, RRs 
were lower. For ischemic stroke, cola consumption (1.9, 
1.4–2.7) was again associated with an increased risk, but 
not coffee (1.0, 0.8–1.2). Stratified by Trial of Org 10,172 in 
Acute Stroke Treatment (TOAST) classification, cola con-
sumption showed an increased RR in cardioembolic (2.8, 
1.2–6.8) and other determined etiology (4.9, 2.6–9.3) with 

coffee not showing any association in any of the TOAST 
sub-groups. An analysis of patients with PFO-related young 
stroke did not find any association of coffee or cola con-
sumption regardless of whether the PFO was associated with 
(coffee 0.92, 0.48–1.77, cola 2.08, 0.86–5.02) or a bystander 
(coffee 0.92, 0.35–2.44, cola 1.23, 0.12–12.75) to the stroke 
[20]. In our study which analyzed purely young CIS cases, 
we found coffee and tea consumption showed association in 
both the 1- and 2-h hazard periods and cola in the 2-h hazard 
period in the Mantel–Haenszel analysis of the whole cohort. 
Coffee also showed an association in patients with a PFO 
in the 2-h hazard period and tea in those without a PFO. 
However, it remains uncertain as to the role and mechanism 
of PFOs in this context and requires further studies. To our 
knowledge, our study is the largest assessment of these trig-
gers in young CIS patients and provides evidence to suggest 
at some currently labeled cryptogenic strokes may have an 
acute trigger as a precipitant.

Consumption of up to 400 mg per day of caffeine is con-
sidered safe for adults [21, 22]. There is, however, distinct 
individual variability at absorption, metabolism, pharma-
cokinetic, pharmacodynamic, and receptor levels, which 
accounts for the variability in both plasma concentration and 
clinical effects of caffeine, in turn affecting future consump-
tion [23, 24]. Other commonly used substances can affect the 
rate of caffeine clearance, with alcohol increasing the half-
life and smoking decreasing it [25]. A 200 ml cup of coffee, 
250 ml tea, and 355 ml cola contain approximately 90 mg, 
28 mg, and 37 mg of caffeine, respectively, with some vari-
ations between specific brands [26, 27]. While long-term 
caffeine (in particular coffee) use has been implicated in 
positive health outcomes [21], vascular risk may arise from 
the direct effects of caffeine via acute sympathetic nervous 
system activation causing vasoconstriction and elevation in 
blood pressure with acute stress and changes on vascular 
endothelium [25]. However, a randomized controlled trial 
observing the cardiac effects of coffee consumption found 
no difference in premature atrial ectopics [28]. Caffeine also 
has a diuretic effect through inhibition of sodium and water 

Table 7   Case-crossover analysis using the Mantel–Haenszel method 
on the risk of developing cryptogenic ischemic stroke following cof-
fee, tea, and cola exposure in 1-h and 2-h hazard periods by usual 

daily consumption of coffee, tea and cola. Reported values are rela-
tive risks (95% confidence intervals)

n/a: numbers too small for analysis

EXPOSURE COFFEE (≤ 2 cups) COFFEE (≥ 3 cups) TEA (≤ 2 cups) TEA (≥ 3 cups) COLA (≤ 2 cups) COLA (≥ 3 cans)

1 h coffee 1.55 (0.31–7.62) 1.09 (0.64–1.87) 1.72 (1.03–2.84) 1.49 (0.14–15.88) 1.69 (1.02–2.82) 2.39 (0.36–15.85)
2 h coffee 1.61 (0.49–5.28) 1.17 (0.70–1.94) 2.14 (1.38–3.32) 1.64 (0.24–11.08) 2.07 (1.34–3.22) 4.26 (0.61–29.75)
1 h tea 4.01 (0.82–19.63) 3.28 (0.26–41.99) 1.81 (0.09–37.43) 1.23 (0.24–6.36) 3.96 (1.04–15.10) n/a
2 h tea 4.87 (1.54–15.36) 4.40 (0.83–23.36) 1.90 (0.24–15.06) 0.99 (0.28–3.54) 4.94 (1.93–12.65) n/a
1 h cola 3.50 (0.44–27.78) 3.44 (0.40–29.86) 4.01 (0.82–19.52) 1.19 (0.01–155.56) 1.62 (0.12–21.07) 1.85 (0.21–5.96)
2 h cola 3.47 (0.77–15.64) 4.38 (0.73–26.37) 4.34 (1.28–14.77) 1.22 (0.03–46.09) 1.69 (0.31–9.22) 3.68 (0.27–50.25)
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in renal tubules [25], potentially having a dehydrating effect 
and increasing thrombosis. Indirectly, caffeine may act as a 
“trigger”, activating low risk, dormant or unknown patholo-
gies that themselves pose an increased stroke risk. It has 
also been suggested tolerance is a phenomenon observed in 
habitual caffeine consumers and the above potential risks are 
more applicable to new or occasional consumers [8], which 
may be further compounded by the individual variation in 
caffeine handling. In our exploratory analysis, we observed 
associations only in those who routinely consumed lower 
levels of non-alcoholic caffeinated beverage, suggesting this 
is an important factor for consideration and requires valida-
tion in further studies.

Statistical methods used for case-crossover setting 
mandates a few considerations. The associations seen in 
the Mantel–Haenszel method and the conditional logistic 
regression sensitivity analysis observe similar trends though 
the conditional logistic regression analysis appears to show 
these trends to be much stronger. While the conditional 
logistic regression allows for the adjustment of other factors, 
we believe our analysis shows the importance of considering 
the weighting of an exposure to a trigger to obtain a more 
accurate assessment of the true risk of that trigger. This may 
also explain the much wider CIs in the associations seen in 
the conditional logistic regression model.

Our study had several strengths, being a large study 
exploring triggers of young CIS patients. The case-crosso-
ver design meant that patients were their own controls and 
thus this minimized selection bias of controls as risk fac-
tor profiles between cases and controls were identical. The 
structured questionnaire obtained detailed questions on non-
alcoholic caffeinated beverage consumption allowing analy-
sis using the Mantel–Haenszel method, which weighted the 
degree of caffeine consumption in the hazard and control 
period, thus allowing for a more accurate calculation of 
the relative risk. All patients were recruited and structured 
questionnaires completed within 14 days of stroke onset, 
thus minimizing recall bias and we performed sub-group 
analysis by stroke severity, MMSE scores, and aphasia status 
to see if these had an impact on any association, which they 
did not. However, recall bias remains a limitation in any 
retrospective questioning. There were also other limitations 
to this study. The study population was almost entirely of 
white European ethnicity and thus these results cannot be 
extrapolated to other ethnic groups. The conditional logis-
tic regression results should be interpreted cautiously given 
that using a binary exposure eliminates the weighting of any 
small usual exposure and thus may falsely inflate the OR 
and widen the CI. Furthermore, we lacked certain details on 
beverage consumption, such as doses consumed within the 
24 h preceding stroke. We also did not collect information 
on consumption of decaffeinated non-alcoholic beverages. 
Risk factors were defined using information from multiple 

sources and prevalence of some may have been underes-
timated; however, previous evidence has shown that e.g., 
hyperlipidemia and diabetes do not necessarily play a sig-
nificant role in young CIS and will have had a limited impact 
on our findings [29].

Conclusion

In this case-crossover analysis of 598 patients in the 
SECRETO study, we found that in the whole cohort, coffee, 
tea, and cola consumption were all potential trigger factors 
for young CIS within the 2-h hazard period, with coffee 
and tea maintaining a significant association in several sub-
groups. Future studies should be focused on understanding 
the mechanism(s) behind these potential trigger factors.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00415-​026-​13882-2.

Acknowledgements  The authors would like to thank Anu Eräkanto, 
Coordinating Study Secretary; Jaana Koski, RN, Coordinating Study 
Nurse; all study personnel at participating centers, as well as the study 
participants and their family members.

Funding  Helsinki and Uusimaa Hospital District research 
fund ,T YH2014407 , Jukk a  Pu t aa l a ,T YH2018318 , Jukk a 
Putaala,Academy of Finland,286246,Jukka Putaala,318075,Jukka 
Putaa la ,322656,Jukka  Putaa la ,Sahlg renska  Univers i ty 
Hospital,ALFGBG-726821,Jukka Putaala,Finnish Medical 
Foundation,Sigrid Juselius Foundation

Data availability  The authors report no relevant disclosures. Data are 
available upon direct request to the corresponding author and fulfill-
ment of all statutory protocols.

Declarartion 

Conflicts of interest  The authors declare they have no conflicts of in-
terest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Seminog OO, Scarborough P, Wright FL et al (2019) Determi-
nants of the decline in mortality from acute stroke in England: 

https://doi.org/10.1007/s00415-026-13882-2
http://creativecommons.org/licenses/by/4.0/


	 Journal of Neurology (2026) 273:388388  Page 8 of 9

linked national database study of 795 869 adults. BMJ 365:l1778. 
https://​doi.​org/​10.​1136/​bmj.​l1778

	 2.	 Li L, Scott CA, Rothwell PM (2022) Association of younger vs 
older ages with changes in incidence of stroke and other vascular 
events, 2002–2018. JAMA 328(6):563–574. https://​doi.​org/​10.​
1001/​jama.​2022.​12759

	 3.	 Guiraud V, Amor MB, Mas JL et al (2010) Triggers of ischemic 
stroke: a systematic review. Stroke 41(11):2669–2677. https://​doi.​
org/​10.​1161/​strok​eaha.​110.​597443

	 4.	 Grzegorzewski J, Bartsch F, Köller A et al (2021) Pharmacokinet-
ics of caffeine a systematic analysis of reported data for applica-
tion in metabolic phenotyping and liver function testing. Front 
Pharmacol 12:752826. https://​doi.​org/​10.​3389/​fphar.​2021.​752826

	 5.	 Institute of Medicine Committee on Military Nutrition R. In: 
caffeine for the sustainment of mental task performance: formu-
lations for military operations. national academies press (US) 
Copyright 2001 by the National academy of sciences. All rights 
reserved.: Washington (DC); 2001.

	 6.	 Evans J, Richards JR, Battisti AS. Caffeine. In: StatPearls. Stat-
Pearls Publishing Copyright © 2025, StatPearls Publishing LLC.: 
Treasure Island (FL); 2025.

	 7.	 Reddy VS, Shiva S, Manikantan S et al (2024) Pharmacology of 
caffeine and its effects on the human body. Eur J Med Chem Rep. 
https://​doi.​org/​10.​1016/j.​ejmcr.​2024.​100138

	 8.	 Mostofsky E, Schlaug G, Mukamal KJ et al (2010) Coffee and 
acute ischemic stroke onset: the Stroke Onset Study. Neurology 
75(18):1583–1588. https://​doi.​org/​10.​1212/​WNL.​0b013​e3181​
fb443d

	 9.	 Ekker MS, Verhoeven JI, Rensink KML et al (2023) Trigger fac-
tors for stroke in young adults: A case-crossover study. Neurology 
100(1):e49–e61. https://​doi.​org/​10.​1212/​wnl.​00000​00000​201341

	10.	 Putaala J, Martinez-Majander N, Saeed S et al (2017) Searching 
for explanations for cryptogenic stroke in the young: Revealing the 
triggers, causes, and outcome (SECRETO): Rationale and design. 
Eur Stroke J 2(2):116–125. https://​doi.​org/​10.​1177/​23969​87317​
703210

	11.	 Saeed S, Gerdts E, Waje-Andreassen U, Sinisalo J, Putaala 
J (2019) Searching for explanations for cryptogenic stroke 
in the young: Revealing the etiology, triggers, and outcome 
(SECRETO): echocardiography performance protocol. Echo Res 
Pract 6(3):53–61. https://​doi.​org/​10.​1530/​ERP-​19-​0025

	12.	 Amarenco P, Bogousslavsky J, Caplan LR, Donnan GA, Hennerici 
MG (2009) New approach to stroke subtyping: the A-S-C-O (phe-
notypic) classification of stroke. Cerebrovasc Dis 27(5):502–508

	13.	 Alcohol T (2002) Smoking and substance involvement screening 
test (ASSIST): development, reliability and feasibility. Addiction 
97(9):1183–1194. https://​doi.​org/​10.​1046/j.​1360-​0443.​2002.​
00185.x

	14.	 Craig CL, Marshall AL, Sjöström M et al (2003) International 
physical activity questionnaire: 12-country reliability and validity. 
Med Sci Sports Exerc 35(8):1381–1395. https://​doi.​org/​10.​1249/​
01.​MSS.​00000​78924.​61453.​FB. (PMID: 12900694.)

	15.	 Martinez-Majander N, Kutal S, Ylikotila P, The SECRETO 
Study Group et al (2025) Association between heavy alcohol 

consumption and cryptogenic ischaemic stroke in young adults: a 
case-control study. J Neurol Neurosurg Psychiatry 96(2):114–121. 
https://​doi.​org/​10.​1136/​jnnp-​2024-​333759. (PMID: 38906694; 
PMCID: PMC11877115.)

	16.	 Cohen S, Kamarck T, Mermelstein R (1983) A global measure of 
perceived stress. J Health Soc Behav 24:386–396

	17.	 Kutal S, Tulkki LJ, Sarkanen T et al (2025) Association between 
self-perceived stress and cryptogenic ischemic stroke in young 
adults: A case-control study. Neurology 104(6):e213369. https://​
doi.​org/​10.​1212/​wnl.​00000​00000​213369

	18.	 Zhang Z (2016) Case-crossover design and its implementation in 
R. Ann Transl Med. https://​doi.​org/​10.​21037/​atm.​2016.​05.​42. (In: 
Ann Transl Med. China;)

	19.	 Koton S, Tanne D, Bornstein NM et al (2004) Triggering risk 
factors for ischemic stroke: a case-crossover study. Neurology 
63(11):2006–2010. https://​doi.​org/​10.​1212/​01.​wnl.​00001​45842.​
25520.​a2

	20.	 Immens MH, Ekker MS, Verburgt E et al (2024) Trigger factors 
in patients with a patent foramen ovale-associated stroke: a case-
crossover study. Int J Stroke 19(7):809–816. https://​doi.​org/​10.​
1177/​17474​93024​12426​25

	21.	 Coffee consumption and health: umbrella review of meta-analyses 
of multiple health outcomes. Bmj. 2018; 360 k194, https://​doi.​org/​
10.​1136/​bmj.​k194

	22.	 Čižmárová B, Kraus V Jr, Birková A (2025) Caffeinated bev-
erages—unveiling their impact on human health. Beverages 
11(1):18

	23.	 Nehlig A (2018) Interindividual differences in caffeine metabo-
lism and factors driving caffeine consumption. Pharmacol Rev 
70(2):384–411. https://​doi.​org/​10.​1124/​pr.​117.​014407

	24.	 Low JJ, Tan BJ, Yi LX et al (2024) Genetic susceptibility to caf-
feine intake and metabolism: a systematic review. J Transl Med 
22(1):961. https://​doi.​org/​10.​1186/​s12967-​024-​05737-z

	25.	 Temple JL, Bernard C, Lipshultz SE et al (2017) The safety of 
ingested caffeine: A comprehensive review. Front Psychiatry. 
https://​doi.​org/​10.​3389/​fpsyt.​2017.​00080

	26.	 Efsa Panel on Dietetic Products NaA (2015) Scientific opinion on 
the safety of caffeine. EFSA J 13(5):4102

	27.	 Maheshwari RA, Sen DB, Shah UH et al (2025) Pharmacology of 
caffeine: implications of tea drinking. Tea in health and disease 
prevention. Elsevier, pp 581–590

	28.	 Marcus GM, Rosenthal DG, Nah G et al (2023) Acute effects of 
coffee consumption on health among ambulatory adults. N Engl 
J Med 388(12):1092–1100. https://​doi.​org/​10.​1056/​NEJMo​a2204​
737

	29.	 Martinez-Majander N, Gordin D, Joutsi-Korhonen L, Salopuro T, 
Adeshara K, Sibolt G, Curtze S, Pirinen J, Liebkind R, Soinne L, 
Sairanen T, Sinisalo J, Lehto M, Groop PH, Tatlisumak T, Putaala 
J (2021) Endothelial dysfunction is associated with early-onset 
cryptogenic ischemic stroke in men and with increasing age. J Am 
Heart Assoc 10(14):e020838. https://​doi.​org/​10.​1161/​JAHA.​121.​
020838

Authors and Affiliations

Phillip Ferdinand1,2   · Ram Bajpai2 · Bettina von Sarnowski3 · Pauli Ylikotila4 · Marialuisa Zedde5 · Tomi Sarkanen6,7 · 
Kristina Ryliskiene8 · Nicolas Martinez‑Majander9 · Lauri Tulkki9 · Radim Licenik10 · Janika Kõrv11 · Liisa Kõrv11 · 
Alessandro Pezzini12,13 · Ana Catarina Fonseca14 · Patricia Martinez‑Sanchez15 · Laura Amaya‑Pascasio15 · 
Nilufer Yesilot16 · Ulrike Waje‑Andreassen17 · Annette Fromm17 · Juha Huhtakangas18 · Ulla Junttola18 · 
Pekka Jäkälä19 · Anne‑Mari Kantanen19,20 · Petra Redfors21,22 · Juha Sinisalo23 · Eva Gerdts24 · Turgut Tatlisumak21 · 
Christine Roffe1,2 · Jukka Putaala9

https://doi.org/10.1136/bmj.l1778
https://doi.org/10.1001/jama.2022.12759
https://doi.org/10.1001/jama.2022.12759
https://doi.org/10.1161/strokeaha.110.597443
https://doi.org/10.1161/strokeaha.110.597443
https://doi.org/10.3389/fphar.2021.752826
https://doi.org/10.1016/j.ejmcr.2024.100138
https://doi.org/10.1212/WNL.0b013e3181fb443d
https://doi.org/10.1212/WNL.0b013e3181fb443d
https://doi.org/10.1212/wnl.0000000000201341
https://doi.org/10.1177/2396987317703210
https://doi.org/10.1177/2396987317703210
https://doi.org/10.1530/ERP-19-0025
https://doi.org/10.1046/j.1360-0443.2002.00185.x
https://doi.org/10.1046/j.1360-0443.2002.00185.x
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1136/jnnp-2024-333759
https://doi.org/10.1212/wnl.0000000000213369
https://doi.org/10.1212/wnl.0000000000213369
https://doi.org/10.21037/atm.2016.05.42
https://doi.org/10.1212/01.wnl.0000145842.25520.a2
https://doi.org/10.1212/01.wnl.0000145842.25520.a2
https://doi.org/10.1177/17474930241242625
https://doi.org/10.1177/17474930241242625
https://doi.org/10.1136/bmj.k194
https://doi.org/10.1136/bmj.k194
https://doi.org/10.1124/pr.117.014407
https://doi.org/10.1186/s12967-024-05737-z
https://doi.org/10.3389/fpsyt.2017.00080
https://doi.org/10.1056/NEJMoa2204737
https://doi.org/10.1056/NEJMoa2204737
https://doi.org/10.1161/JAHA.121.020838
https://doi.org/10.1161/JAHA.121.020838
http://orcid.org/0000-0002-8715-2917


Journal of Neurology (2026) 273:388	 Page 9 of 9  388

 *	 Phillip Ferdinand 
	 phillip.ferdinand@uhnm.nhs.uk

1	 Neurosciences, University Hospitals of North Midlands NHS 
Trust, Stoke‑on‑Trent, UK

2	 School of Medicine, Keele University, Staffordshire, UK
3	 Department of Neurology, University Medicine Greifswald, 

Greifswald, Germany
4	 Department of Neurology, Turku University Hospital 

and University of Turku, Turku, Finland
5	 Neurology Unit, Stroke Unit, Azienda Unità Sanitaria 

Locale-IRCCS Reggio Emilia, Reggio Emilia, Italy
6	 Department of Neurology, Tampere University Hospital, 

Tampere, Finland
7	 Faculty of Medicine and Health Technology, Tampere 

University, Tampere, Finland
8	 Faculty of Medicine, Center of Neurology, Vilnius 

University, Vilnius, Lithuania
9	 Department of Neurology, Helsinki University Hospital 

and University of Helsinki, Helsinki, Finland
10	 North West Anglia NHS Foundation Trust Acute Stroke 

Centre, Peterborough, UK
11	 Department of Neurology and Neurosurgery, University 

of Tartu, Tartu, Estonia
12	 Department of Medicine and Surgery, University of Parma, 

Parma, Italy

13	 Stroke Care Program, Department of Emergency, Parma 
University Hospital, Parma, Italy

14	 Hospital Santa Maria, CHLN, Faculty of Medicine, 
University of Lisbon, Lisbon, Portugal

15	 Department of Neurology, Torrecardenas University 
Hospital, University of Almería, Almería, Spain

16	 Istanbul Faculty of Medicine, Department of Neurology, 
Istanbul University, Istanbul, Turkey

17	 Department of Neurology, Haukeland University Hospital, 
Bergen, Norway

18	 Department of Neurology, Oulu University Hospital 
and University of Oulu, Oulu, Finland

19	 Neurocenter Neurology, Kuopio University Hospital, Kuopio, 
Finland

20	 University of Eastern Finland, Joensuu, Finland
21	 Department of Neurology, Sahlgrenska University Hospital, 

Gothenburg, Sweden
22	 Department of Clinical Neuroscience, Institute 

of Neuroscience and Physiology, Sahlgrenska Academy 
at University of Gothenburg, Gothenburg, Sweden

23	 Department of Cardiology, Heart and Lung Center, Helsinki 
University Hospital and University of Helsinki, Helsinki, 
Finland

24	 Center for Research On Cardiac Disease in Women, 
Department of Clinical Science, University of Bergen, 
Bergen, Norway


	Acute non-alcoholic caffeinated beverage consumption as a trigger for cryptogenic ischemic stroke in the young: findings from the SECRETO study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Non-alcoholic caffeinated beverage consumption
	Vascular risk factors, stress, and patent foramen ovale
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




